We have previously shown that monoclonal antibodies (MAb) prepared against the duodenal mucosa of 4-day-old mice disclosed the presence of two antigens associated with the formation of intestinal crypts. One of these, MIM-1/39, was found in the apical cytoplasm of undifferentiated epithelial crypt cells of the duodenum and colon. We report here the immunolocalization of MIM-1/39 in different glands associated with the gastrointestinal tract, using a polyclonal antibody produced against antigen MIM-1/39. By indirect immunofluorescence on 1-pm thick Lowicryl K4M sections, MIM-1/39 was detected in secretory granules of serous cells in lingual (von Ebner's gland), sublingual, submandibular and parotid glands, and in pancreas; it was also found in epithelial cells of the gallbladder and in the secretory granules of chief cells of gastric glands. Liver, kidney, and Brunner's glands were not immunoreactive. Immunocytochemistry revealed the presence of antigen MIM-1/39 in small secretory granules of the gallbladder, duodenum, colon, and in the large secretory granules in serous cells of lingual and parotid glands, in pancreas, and in gastric chiefcells. In Western blotting, the MIM-1/39 MAb revealed two bands (330 and 350 KD) in adult mouse duodenal mucosa, gallbladder and stomach, whereas only one (330 KQ was disclosed in pancreatic juice. However, two bands (330 and 350 KD) were detected in pancreatic juice with the polyclonal antibody. The distribution of MIMU39 was different from that reported for IgA, bound and free secretory components, cryptdin, and Tamm-Horsfall protein. Therefore, MIM-1/39 appears to be a unique protein. Its exact role remains to be elucidated. (J Histochem Cytochem 41:1223-1231, 1993) 
Introduction
We have previously described the expression of two antigens associated with crypts of the small and large intestine in the fetal and adult mouse (Beaulieu et al., 1992) . One of these antigens, MIM-1/39, which was localized in the apical cytoplasm of undifferentiated crypt cells, was found in secretory granules of most glands associated with the gastrointestinal tract. Interestingly, MIM-1/39 shares some common distribution sites with many molecules known to have antibacterial and antiviral activities.
It has long been recognized that external secretions (tears, bile, saliva, colostrum, and fluid of the small intestine) share a common immune system (Chodirker and Tomasi, 1963) . The predominant immunoglobulin in these secretions is known as secretory IgA and Supported by grant MT-6069 from the MRC of Canada. J-FB is a "Chercheur Boursier" du Fonds de la Recherche en SantC du Quebec.
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is composed of two monomeric IgA molecules linked by a J-chain and one molecule of a secretory component (Tomasi and Grey, 1972; Halpem and Koshland, 1970; Tomasi et al., 1965) . By immunofluorescence, IgA was localized in lacrimal glands, submandibular and parotid glands, mammary glands, crypts of the small and large intestine, and respiratory tract (Brown et al., 1986; Poger and Lamm, 1974; Franklin et al., 1973; O'Daly et al., 1971; Tourville et al., 1969; Rossen et al., 1968; Crabbe et al., 1965) .
In other external secretions, such as urine, another molecule, the Tamm-Horsfall protein (THP) (Ta" and Horsfall, 1952) , is able to bind Type I pili of Escherichia coli (0'Hanley et al., 1985) , thus possibly providing some protection against bacterial colonization of the urinary tract. THP was localized by indirect immunofluorescence in the apical cytoplasmic portion of the renal thick ascending limb, in apical large secretory granules of pancreatic acinar cells, in the cytoplasm of the serous acinar cells of the salivary glands, and in the apical cytoplasm of columnar epithelial villous cells in the jejunum (Budi Santoso et al., 1987) . Recently, Hoops and Rindler (1991) have shown that THP, an 85 KD glycoprotein, shares several characteristics with GP-2, a 78 KD glycoprotein that accounts for 4Oo/o of the proteins found in pancreatic zymogen granules.
Finally, cryptdin mRNA codes for the apparent precursor to a corticostatin/defensin-related peptide that accumulates to high levels in mouse crypt epithelium during postnatal development (Ouellette et al., 1989; Ouellette and Cordell, 1988) . As a defensin, cryptdin has antiviral and antibacterial activities.
The aim of the present work was to study the distribution of antigen MIM-I/39 along the gastrointestinal tract and associated glands with indirect immunofluorescence and immunocytochemistry. Localization of MIM-1/39 was compared to that of IgA, THP, and cryptdin. Antigen MIM-1/ 39 represents a new secretory protein.
Materials and Methods
Animals andTissues. Adult female Swiss ICR mice (35-40 g body weight, n = 8) were used in the present study. Procedures followed were in accordance with the ethical standards of the Canadian Council for Animal Care. Animals were anesthetized with ether. Lingual (von Ebner's), sublingual, submandibular and parotid glands, Brunner's glands, gallbladder, pancreas, duodenum, ascending colon, kidneys, and liver were removed and processed as described below for immunofluorescence staining or for immunocytochemistry. In addition, small specimens of each organ were immediately fixed for 1 hr in ice-cold 2.8% glutaraldehyde buffered with 0.1 M cacodylate, post-fixed in 2% osmium tetroxide, dehydrated, and embedded in Epon for observation of cell fine structure.
MIM-1/39 Monoclonal Antibody. Production and characterization of MAb MIM-1/39 have been described previously (Beaulieu et al., 1992) . For the present study, mouse/rat MIM-1/39 hybrids were adapted for growth in serumlprotein-free hybridoma medium (Sigma; St Louis, MO).
Preparation of the MIM-1/39 Polydonal Antibody. Adult mouse pancreatic juice was used as the source of antigen MIM-1/39. Under sodium pentobarbital anesthesia, mice received cerulein (1K6M) via the tail vein and pancreatic juice was collected over a 2-hr period. Separation of proteins was done by SDS-PAGE. A narrow band of the gel corresponding to the MIM-1/39 antigen was cut out. The protein of interest was eluted from the gel using an Electro-Eluter (Bio-Rad model 422; Richmond, CA), first in the presence of SDS for 4 hr, then without SDS for 3 hr. Specific anti-MIM-1/39 antisera were obtained by multiple IM injections (hind leg) to adult New Zealand rabbits at 4-week intervals. The eluents were initially emulsified in Freund's complete adjuvant (FCA) for the primary injection, followed by emulsification in incomplete adjuvant for booster injections. Blood was collected 10-12 days after the last immunization, incubated for 1 hr at 37"C, centrifuged, and the sera stored at -20°C in the presence of NaN3 (0.05%) until use.
The presence of specific antibodies was tested by Western blot on homogenates of adult mouse pancreas and duodenal scrapings after electrophoresis by SDS-PAGE.
SDS-PAGE and Western
Blotting. Homogenates from duodenal scrapings (100 pg), as well as from gallbladder and pancreas from adult mice, were analyzed on a 6% polyacrylamide gel containing 0.1% SDS (Laemmli. 1970) . At the end of the electrophoresis, gels were either stained with Coomassie blue or transferred to nitrocellulose membranes (Bio-Rad) according to Towbin et al. (1979) . After staining with Ponceau red (Sigma), membranes were blocked in PBS containing 10% dry milk for 1 hr at 37°C and then overnight at room temperature. Blocked membranes were incubated for 90 min with MAb MIM-1/39 (hybridoma-conditioned medium diluted 1:20 in 10% Blotto/O.O~% Tween 20) or the polyclonal antiserum (diluted 1:30,000) as primary antibodies. After extensive washing with PBS, mem-branes were incubated with alkaline phosphatase-conjugated goal anti-rat IgG (H+L) antibody (monoclonal) (Cedarlane; Hornby, Ontario, Canada) or goat anti-rabbit IgG (polyclonal) (Bio-Rad) diluted 1:2000 in PBS/10% Blotto for 1 hr at room temperature (Beaulieu et al., 1989) . Proteins were then detected with an alkaline phosphatase conjugate substrate kit (Bio-Rad). Finally, membranes were washed with distilled water and air-dried.
Immunofluorescence Staining. Small specimens resected from the organs listed above were rinsed in PBS, embedded in OCT (optimal cutting temperature) compound (Tissue-Tek; Miles Laboratories, Elkhart, IN), and quickly frozen in liquid nitrogen. Cryostat 4-pm thick sections were spread on glass slides and allowed to dry at room temperature. The sections were then fixed with formaldehyde and stained by the double-antibody fluorescence technique as described previously (Beaulieu et al., 1991) . MAb MIM-1/39 was used in the form of conditioned culture medium diluted 1:10 in PBS containing 2% bovine serum albumin (BSA). No fluorescent staining was observed when primary antibody had been omitted or replaced by unrelevant antibodies, such as MAb 13 or MAb 16 (rat MAb to human integrin subunits) which are also of the IgG2, subtype (Akiyama et al., 1989;  generously provided by Dr. Steven K. Akiyama).
Indirect immunofluorescence was also performed on the same tissues fixed for electron microscopy and embedded in Lowicryl K4M (Bendayan et al., 1987) . One-pm thick sections were incubated with PBS for 5 min and then with PBS-glycine (100 mM) for 45 min; after rinsing with PBS, sections were incubated with polyclonal antibody MIM-1/39 diluted 1:50 or 1:lOO in PBS-BSA for 60 min. After rinsing, sections were incubated with fluorescein-conjugated goat anti-rabbit IgG (Boehringer Mannheim Canada; LaVal, Qutbec, Canada). No fluorescent stainingobserved when pre-immune serum was substituted for primary antiserum.
Freeze-drying. Indirect immunofluorescence and immunocytochemistry were performed on freeze-dried pyloric antrum embedded in Lowicryl K4M. Immediately after resection the stomach was immersed in Freon 22 and kept in liquid nitrogen. Small fragments of tissue were freeze-dried in a tissue dryer (Edwards ETD4 tissue dryer) for 48 hr, immediately transferred to Lowicryl K4M, and processed according to Bendayan et al. (1987) . For immunofluorescence, 1-wm thick sections were fixed in 1% formaldehyde for 45 min and treated with the polyclonal antibody as described above. For immunocytochemistry, thin sections were processed as described below.
Immunocytochemistry. For immunocytochemical studies, small specimens of each organ were fixed with 1% glutaraldehyde and 2% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, for 2 hr at room temperature. After fixation, specimens were embedded in Lowicryl K4M according to Bendayan et al. (1987) .
Ten-nanometer gold particles were prepared as described by Slot and Geuze (1983) . Coupling of the gold particles to protein A (Pharmacia; Uppsala, Sweden) was carried out as recommended by Ghitescu and Bendayan (1990) . Thin sections were cut and mounted on 200-mesh gold grids with a carbon-coated formvar film. Sections were floated for 15 min on a drop of 1% ovalbumin in PBS and then incubated with polyclonal antibody MIM-1/39 diluted 1:50 in 1% PBS-BSA for 2.5 hr at room temperature. After rinsing with PBS, grids were transferred to PBS-ovalbumin for 15 min. Sections were then treated with protein A-gold complex (at a dilution OD 520 = 0.15 in PBS) for 25 min, washed again with PBS, rinsed in water, and stained with uranyl acetate and lead citrate. Two controls were used: incubation without the primary antibody and incubation with pre-immune serum.
Results
Biochemical characterization of the MIM-1/39 antigen was performed by Western blotting. As shown in In the pancreatic juice only the lower band was detected with the MAb (Figure 1, Lane 4) , whereas with the polyclonal antibody the two bands of 330 and 350 KD were also found (Figure 1. Lane 5) .
The distribution of the MIM-1/39 antigen in various tissues was first established by indirect immunofluorescence on frozen sections with the MAb. Positive staining was observed in the pyloric antrum, in crypt cells of the duodenum and of the ascending and descending colon, in epithelial cells of the gallbladder, and in serous cells of pancreas, von Ebner's glands, submandibular, sublingual, and parotid glands (see Table 1 ). Liver, kidney, and Brunner's glands were negative. To better identify the cell types that contain antigen MIM-1/39, indirect immunofluorescence was then performed on fixed tissues (1-pm sections) using the MAb. Only the gallbladder and duodenum yielded a positive response. On ultrathin sections of the same specimens with the immunocytochemical method, gold-labeled secretory granules were observed only in the same two organs. In light of these results, subsequent testing was done using the polyclonal antibody against antigen MIM-1/39. f Indirect immunofluorescence with monoclonal anribodv:frozen sections.
Indirect immunofluorescence with the polyclonal antibody on fixed tissues embedded in Lowicryl K4M revealed the following: in duodenum ( Figure 2 ) and colon (Figure 3) . small granules located in the apical cytoplasm were immunoreactive; in the gallbladder (Figure 4) . the apical cytoplasm of epithelial cells lining the lumen contained small labeled granules; in the exocrine pancreas (Figure 5 ) , all secretory granules were labeled, including the contents of the lumen. Finally, secretory granules found in serous cells of lingual ( Figure 6 ), parotid (Figure 7) . submandibular (Fig  ure 8 ). and sublingual glands (Figure 9 ) were labeled. When fixed and embedded in Lowicryl, the pyloric antrum was negative. However, when freeze-dried stomach was used, cells located at the base of the gastric glands were strongly immunoreactive ( Figure 10) .
At the fine-structural level after incubation with the MIM-1/39 polyclonal antibody, small secretory granules (0.2-0.4 pm in diameter) located in the apical cytoplasm of duodenal undifferentiated crypt cells were labeled with gold particles (Figure 11 ). At higher magnification (Figure 12 ). some of the secretory granules appeared to be in the process of exocytosis. Basolateral cell membranes were negative. Paneth cells and goblet cells were not labeled. In the descending colon, small secretory granules found in the undifferentiated crypt cells were also labeled with gold particles (Figure 13 ). In the gallbladder (Figure 14) , apical granules were positive. No labeling was seen in the lumen. In the pancreas, the large secretory granules were heavily labeled ( Figure 15 ); contents of granules in the process of exocytosis and luminal contents were also positive. Centroacinarcells were unlabeled (not shown). In von Ebner's glands (Figure 16 ). the large secretory granules in acinar serous cells were immunoreactive, as well as luminal contents. Serous cells in the demilunes of Giannuzzi were positive, as well as some cells located in excretory ducts (not shown). Finally, in the parotid gland Original magnification x 250. Bar = 50 wm.
( Figure 17 ), secretory granules in serous cells and luminal contents were labeled. Under identical conditions, no immunoreactivity was found in sublingual or submandibulary glands.
Immunocytochemistry performed on fixed pyloric antrum did not disclose the presence of positive sites. When done on freezedried tissue, however, large secretory granules of cells located at the base of gastric glands were labeled with gold particles ( Figure  18) . In toluidine blue-stained sections of the same specimen, these cells appeared to be chief cells (Figure 19 ).
Discussion

Localization of MIM-2/39
The present study indicates that antigen MIM-1/39 is present in most glands associated with the digestive tract: lingual, sublingual, submandibular, parotid, and pancreas. It is also found in the gallbladder, in chief cells of the pyloric antrum, and in secretory granules of undifferentiated intestinal crypt cells from the pylorus to the descending colon. To our knowledge, this is the first report of the existence of a protein having such a wide distribution along the gastrointestinal tract and associated glands.
At the subcellular level, antigen MIM-1/39 was found in the large secretory granules of salivary glands, pancreas, and stomach. In the gallbladder and intestinal crypt cells, MIM-1/39 was localized in minigranules measuring 0.2-0.4 pm in diameter. Antigen MIM-1/39 is not shared by all serous cells, however, since Paneth cells do not contain this protein. At present, the only common denominator is that all these organs are related to the digestive tract.
With the different approaches we have used, frozen sections vs fixed tissues and monoclonal vs polyclonal antibodies, we observed variations in positive sites along the gastrointestinal tract and associated glands. Control tissues, liver, and kidneys were nevertheless always negative. The discrepancy between the results obtained with frozen or fixed tissues can be explained by the high sensitivity of the antigen to fixation, especially to glutaraldehyde used at a concentration of 1%. For example, secretory granules of gastric chief cells were not labeled with gold particles when the polyclonal antibody was used on fixed specimens, but they were labeled when the pyloric antrum was freeze-dried before embedding in Lowicryl K4M. Other variations can be explained by differences in threshold detection between the monoclonal and polyclonal antibodies we have used.
Comparison with Other Proteins
As indicated in Zble 1, other secretory proteins exhibit a wide pattern of distribution. MIM-1/39 shares many positive sites with bound (BSC) or free secretory component (FSC). One major difference with FSC, however, is that MIM-1/39 is absent from intestinal villous cells. As shown by Poger and Lamm (1974) , BSC is present in crypts of the small and large intestine, which is consistent with the localization of MIM-1/39. On the other hand, although the type of SC has not been specified (Tourville et al., 1969) . since no IgA was found in kidney tubules, we can conclude that the type of SC present at this level is FSC. MIM-1/39 was not observed at this level.
Although Ta"-Horsfall protein has been detected in pancreas, in salivary glands, in jejunal villous epithelium (Budi Santoso et al., 1987) , and in kidney tubules (Bachman et al., 1985) . it appears that this protein is not related to MIM-1139, since the latter was not detected in kidney tubules, whereas its localization in the intestinal epithelium is restricted to crypt cells.
Finally, cryptdin was localized in crypt cells at the level of the stem-cell zone (Ouellette et al., 1989 ). Cryptdin appears to be present in Paneth cells, whereas MIM-1/39 is absent in this cell type.
More recently, a family of 19 KD glycoproteins has been isolated from human pancreatic juice (Guy-Crotte et al., 1984) . These glycoproteins were shown to be precursors of protein X (14 KD), which is homologous to the pancreatic thread protein (Gross et al., 1985) and to a form of pancreatic stone protein (Montalto et al., 1986) . Senegas-Balas et al. (1991) , using an antiserum against P19, observed that Pl9 was present in Paneth cells, in immature columnar cells of the gland of Lieberkuhn, and in the first five or six cells at the base of the villi. Again, the localization of MIM-1/39 does not correspond to that of P19.
Molecular Weight of MIM-1/39
After SDS-PAGE and Western blot, using MAb MIM-1/39, the molecular weight of MIM-1/39 found in homogenates of pancreas, gallbladder, stomach, and duodenal mucosa was estimated at the 330-350 KD level. With the same MAb, only the lower band (330 KD) was detected in the pancreatic juice. This indicates that the epitope recognized by the MAb was either absent or unreachable in the higher band of the pancreatic juice. The protein was nevertheless present, because the eluted band that was used to produce the polyclonal antibody was cut out at the level of 330-350 KD; the polyclonal antibody recognized both bands in the pancreatic juice. Furthermore, after digestion with endoglysidase F (Weller et al., 1991) . only one band was detected at the level of 300 with the polyclonal antibody (not shown). Therefore, the two forms of MIM-I/ 39 detected in untreated pancreatic juice differ in their level of glycosylation.
Role of Protein MIM-1/39
At the present time the role of protein MIM-1/39 remains speculative. The widespread distribution of antigen MIM-1/39 in secretory granules of serous cells bears some analogy with that of secretogranin 1 and/or chromogranin B, a protein packaged in secretory granules of a wide variety of endocrine and neuronal cells (Fischer-Colbrie et al., 1985; Rosa et al., 1985) . Recently, Rosa et al. (1989) have elegantly shown that a constitutive secretory protein, an antibody against secretogranin 1, can be diverted to the regulated pathway of secretion by protein-protein interaction with a regulated secretory protein, secretogranin 1. It is premature to speculate on such a role for protein MIM-1/39. However, with its peculiar distribution this protein would be a good candidate for the sorting of proteins in serous cells.
Conclusion
We have described above the distribution of a secretory protein found in secretory granules of intestinal crypt cells and in granules of serous cells located in lingual, sublingual, submandibular and parotid glands, as well as in the gallbladder epithelium, in gastric chief cells, and in exocrine pancreas. The existence of a molecule having such a wide distribution along the gastrointestinal tract and associated glands has not been reported previously. The role of this protein remains speculative and further characterization will be needed to elucidate its functional importance. 
